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INTRODUCTION 

The Kwiniuk River drains in to Norton Sound just east of the viI [age of Moses Point, 
approximately 100 milcs cast of Nomc. Thc Kwiniuk and Tubutuli k Rivcrs itrt: thc 
primary trjbutaries for salmon spawning in the Moses Point Subdistrict. In 1962 
cammcrcial salmon fishing began in the Moses Point Subdistrict. Thc last significant 
chum salmon commercial harvest occurred i n  1988 (Bue and  Lean 1997). 

Sincc 1965 a salmon counting tower has becn operated on the Kwiniuk River sce (Lean 
1994, and Rob 1996a, 1996b, 1997, 1998, 1999for recent years scsults). The project 
operates as n means to obtain timely and accurate escapement information that is requircd 
to active1 y manage the stocks throughout the season. 

1.  Obtain daily and scasonal estimates of thc timing and magnitude of the salmon 
escapement by species to the; Kwiniuk Rivet. 

2. Collect age, sex, and length composition samples from the chum salmon escapement 
to the Kwiniuk River. 

METHODS 

The Kwiniuk River tower camp is approximately 4 miles upstream from the mouth of the 
ri vcr, on land leascd to the Alaska Department of Fish & Game (ADF&G) by Hans 
Jernewouk of Moses Point (Figure 1). 

The crew began working on 2 E June, 1999. After inventorying equipment and purchasing 
supplies in Nornc, they ferried equipment by air to Moses Point and by boat to the tower 
site. The ciimp was set up and radio cornmunicatjon with Name established. 

A 50 foot vinyl canvas flash panel placed on thc r-ivcr bottom provided a contrasting 
background where fish species could easily be identified. The flash pancl covered 
ilpproximately ha1 f the width of thc rivcr. The shore end of the ilash prlncl was pluced 
next to the cut bank on the camp side of the river. An aircraft cable threaded through 
grommcts along the iipstrcam edge of the flash pancl was staked at each end to hold thc 
panel in placc. Sandbags placed at intervals along the cable edge of the pancl held it 
down on the stream bottom to prcvent fish from moving under the pancl. 



A 20 foot high aluminum scaffold was assembled on the bank directly in line with the 
flash pancl and about three feet From the edge of the river. Thc scaffold was used as a 
tower from which fish were observed and enumerated as they passed over the flash pancl. 
The tower was guyed by aircraft cablcs tied off to stakes in Ihc ground. Planks werc used 
as footings and sandbags placed on hoards set across the lowest rungs of the scaffolding 
provided a low ccntcr of gravity and stability. 

A wcir W;IS built from the midstream end of the flash panel to the share opposi tc the 
tower. The weir ensured that all fish passed over the ilash panel. The weir was built of 
steel pipe posts, aluminum wgle stringers and aluminum conduit pickets. 

A 12 volt lighting system was installed to illuminate the flash panel during dark periods. 
Thcsc lights werc pawercd by an automotive battery that was recharged using a portable 
generator. 

The counting schedule began at 0000 hours on 25 June. The three person crew counted 
18 half-hour counts from 1200 hours each day to 0600 hours the following day cxccpt for 
days off and days of 24 hour counts. Mondays were the normal day off. On the day 
following the day off, the crew countcd 24 half-hour counts from midnight to midnight 
the following day. The daily counts considered in this report ran from midnight to 
midnight the foflowing day. 

The counts for each half hour shift were doubled to estimate hourly counts for each 
species. Each day the estimated hourly counts wcre added to produce a daily total. The 
daily and cumulative totals for each species were relayed to the Nome office by radio. 

The expanded counts fbr this report werc calculated as follows. The 18 hour counts for 
the day off were estimated by adding the hour1 y counts of the day before to the hourly 
counts of the day Following and dividing the result by two, giving expanded hourly counts 
for 18 hours of the day off. Next an expansion factor was calculated to compensate for 
the 6 hours not normally counted. This factor was derived from the weekly 24 hour count 
by dividing the total count from 0600 hours to 1200 hours during the 24 hour count by the 
total normal 18 hour count during the 24 hour count. The expansion factor was applied to 
data from the thr-ee days before and after each 24 hour count by multiplying each days 1 8 
hour total by the 24 hour cxpansion factor, and adding that number to the I8 hour count 
for each day. This expansion was done for all species counled. 

Scalcs wene taken, lengths rncasured, and scx identified from chum salmon that wcrc 
collected by beach seine from the Kwiniuk River (Rob 1999). 



Table 1 shows the expanded daily and cumulative totals for each salmon species. The 
expandcd counts were: 8,763 chum salmon, 608 pink salmon, and 115 king salmon 
(Tahles 2-4). Thc reported total hourly counts were: 6,806 chum salmon, 350 pink 
salmon and 94 king salmon (Appendix Tables 6-8). Figures 2-7 show graphs of thc 
expanded daily totals and the cumulative expanded daily totals for each species counted. 
No coho salmon were observed dur inp  the 1999 counting season. 

Counting hcgan o n  25 June. Pink salmon were first observed an the sixteenth day of 
counting, chum were first observed on the third day of counting and king salmon on the 
sixteenth day. The daily peak of 1,686 chum salmon occurred on 10 July, thc daily peak 
of 102 pink salmon occurred on 14 July, and the daily peak of 36 king salmon occurred 
on 14 July (Table I).  

All species counted exhibited a diurnal pattern of migration the counting tower. The 
grcatest hourly chum salmon migration occurred during the hour from 2300 to 2400, 
when 13.0% passed the tower. During the eight hour period from 1 900 through 0300 
hours, 67.4% of the c h u m  salmon passed the tower (Table 2 and Figure 8). Thc greatest 
hourly pink salmon upstream migration occurred during the hour from 2300 to 2400 
hours, when 12.3% passed the tower. During thc seven hour period from 2000 through 
0300 hours, 5 1 %) of' the pink salmon passed the tower (Table 3 and Figure 9). The 
greatest hour1 y king salmon migration occurred during the hour from 01 00 to 0200 hours, 
when 15.6% passed the tower, During the six hour period from 2300 through 0500 hours, 
56.4% of the king salmon passed the tower (Table 4 and Figure 10). 

A total of 247 usable chum salmon samples were colfected on 5 days during the period 
from 1 July to 23 July, 1999. The agc. sex and mean length composition of the samples 
sorted by sampling date and agelsex category is presented in Table 5. AnaIysis of the 
chum salmon scale samples showed that 0.4% of the Fish sampled were age-0.2,47.0% 
wcse age-0.3, 5 1.8% were age-0.4, and 0.8%) were age-0.5 (Table 5). 

Climatological and strcam observations are shown in Tahle 6. 

The Kwiniuk River rower project has operated since 1965. The project ran well this year 
and provided timely escapement information that was useful for inseason fisheries 
rnanagemcnt. Thc Kwiniirk Rivcr counting tower was the only escapement pro.ject 
operating in the Moses Point subdistrict during 1999. 

The esc~ipcmcnt of chum salmon in 1990 was below the ci~rrent tower goal by almost 
11,000 and only about 33% :,of the the average chum salmon tower count since 1965 



(Figure 1 1 ) .  The first portion of the chum salmon escapement was ahead of the normal 
year timing rnodcl, except on 9 through 13 July when thc 1999 escapement fell behind the 
normal model(Figures 12 and 13). The escapement of pink salmon was only 0.6% of the 
odd year average since 1982 (Figure 14). The pink salmon cscapcmcnt was wcll ahead of 
the odd year pink salmon run-timing model but the small numbers probably make 
cornpansons meaningless (Figure 15). The escapement of king salmon was 22% of the 
average since 198 1 (Figure 16). King salmon timing was up to sixteen days behind the 
king tial mon run-timing model rit the beginning of the season (Figure t 7). 

River conditions for observation of fish passage this year were good to excellent for the 
entire scason. Water levcls and conditions did not adverse1 y impact fish observation 
(Table 6). 
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Table 1. Expanded daily and cumulative migration of all salmon spmles past the Kwiniuk River countlng tower, Norton 
Sound, 1999. 

Cumutat~ve chum Cumulatrve pink Cumulat~ve king 
Dntc Dally chum salmon salmon Daily pink salmon salmon Daily king salmon salmon 

25-Jun 0 0 0 0 0 0 

26-Jun 
27-Jun 
28-Jun 
29-Jun 
30"Jun 

F4ul 
2-Jul 
3 J u l  
4 Jul 
5 Jul 
6 JuI 
74ul 
8-JuI 
9-Jul 

10-Jul 
17-Jul 
12-Jul 
13-Ju~ 
14-Jut 
15-Jul 
t6-Jul 
17-JuI 
18-3ul 
19-Jul 
20-Jul 
21 -Jul 
22Jul 
23-Jul 
2411~1 
25-JUl 
26-Jul 

27-Jul 
28-Jul 



Table 2. Expanded daily hourly chum salmon rnigrat~on past the Kwiniuk Rtver countinq tower. Norton Sound, 1999 



Table 3 Expanded daily houily pmk salmon migration past the Kiv~nruk Rmer counting tower, Norton Sound 1999 



Table 4. Expanded dally hourly kinn salmon rnigrat~on past the Kw~n~uk Rlver countlng tower, Norton Sound, 1999. 
- I Outl~ncrl areas Indlcaie hours not w n f s r l  Nurntiers rra uull~ned areas indicate est~matcd passage 





Table 6. Kwiniuk River counting tower climatological and stream observations, Norton Sound 1999. 

Air Temp Water Temp Cloud Cover Water Gauge 

Qatc Ttme ')c OC YO Inches Water V~sib~lily Remarks 

25-Jun 1915 25 14 509L 18.50 Clear N 5-10 

26-Jun 1200 18 12 85% 24.00 Clear N 5-10 

27-Jun 1200 23 12 40% 28.50 Clcar S 5 

28-Jun 

29-Jun 1200 23 13 10% 21.00 Clear NE10-15 

30-Jun 1200 25 13 0% 23.50 Clear E 5.10 

1-Jul 1200 24 14 15% 25.00 Clear S 5-7 0 

2-Jul 1200 23 14 15% 22.50 Clear S 5-t0 
3-Jul 1200 19 13 5% 15.50 Clear S5-10 

4-Jul 1200 17 12 50% 14.00 Clear S 5-10 

5-Jul 

6-Jul 1200 20 13 70% 14.00 Clear S 0-5 

7-Jul 1200 12 11 95% 15.00 Clenr SW 10-20 

8-Jul 1200 13 9 70% 15.00 Clear SE 5-10 

9-Jul 1200 16 d l  50% 18.00 Clear N 0-5 

10-Jul 1200 20 14 5% 15.00 Clear N 5-10 

I I-Jul 1200 23 76 5% 24.50 Clear SE 0-5 

12-Jul 

13-Jul 1200 t7  15 85% 18.00 Clear N 5-10 

14-Jul 1200 18 15 10% 70.00 Clear S 0-5 

15-Jul 1200 17 14 65% 19.00 Clear S 5-10 

16-Jul 1200 16 14 85% f 7.50 Clear S 5 

1 7-Jul 1200 12 13 1 0Ooh 20.00 Clear S 5-10 LT RAIN 

1 8-Jul 1200 12 11 100% 12.00 Clear S 5 

19-3ul 

20 Jut 1200 9 10 t OO% 44.00 Slightly Turbid S 10-20 

21 -JuI 1 700 10 9 85% 34.00 Poor Cloudy CALM 

2211~1 t 200 13 9 75% 24.00 good S 0-5 

234~1 1200 8 9 100% 20.00 Clear N 0-5 LT RAIN 
244ul 1200 9 9 100% 25.00 Clear N 5-10 RAIN 

25-Jul 1200 10 t O  100% 32.50 Clear S 10 LT RAIN 

26-Jul 1200 10 10 100% 35.50 Slightly Turbid S 5-1 0 LT RAIN 
27-Jul 1200 11 9 85% 33.50 Sl~ghtly Turbid CALM 
28-Jul 1200 I 0 10 100% 28.00 CALM 
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Figurs 6. Daily king salmon mlgratlon past the Kwiniuk River counting tower, Norton Sound, 
1999. 

Daily King Salmon 

25-Jun 30-Jun 5Jul 1 0-Jul 1 5-Jul 20-Jul 25-3ul 

Date 

Figure 7. Cumulative king salmon mlgratlan past the Kwlnluk River counting tower, Norton 
Sound, 1999. 
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Figure 8. Diurnal pattern of chum salmon migration past the Kwiniuk Rhrer counting tower, 
Norton Sound, 1999, 
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Figure 9. Diurnal pattern of pink salmon migration past the Kwiniuk River counting tower, 
Norton Sound, 1999. 
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Figure 10. Diurnal pattern of king salmon mtgration past the Kwiniuk River counting tower, 
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Figure 13. Percent cumulative 1999 chum salmon passage compared to the normal year run-timing model, 
1965-9 999, Kwiniuk River counting tower, Norton Sound. 
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Appendix Table 1. {Page 2 of 4). 

I X-Jrin 
I 9-Jun 
20 Jun 
21 -J rn~  
22-Jun 
73-lun 
14-Jun 
25-Jun 
26-Jan 
27-lun 
28-Jun 
20-Jun 
311-lun 

I -Jul 
2-Jul 
3-.It11 
4-Jul 
5-JuI 
0-.lul 
7-Jul 
R-JuI 
9-Jul 

10-Jul 
1 I -Jul 
12-lul 
13-JtiI 
ICIul  
15-lul 
1 6-JU l 
17-Jul 
1 n-Jul 
1<)-JllI 

20-JuI 
2 1 -Jul 
22-Jul 

23-JuI 
24-Jul 
25-Jul 
26-Jul 
27-Jill 
28-Jul 
2'1-Jul 
30-Jul 
3 1 -Jul 
1-A113 
2-Auy 

'I licportctl counlr: arc crl~st.rvctl 18-huur counh vxl?nntlc.d hy 2. 188, h:lscrd upon :I cc3rnp:riwn I R-liour : ~ n ~ l  24-hour 
cotlnts made [rum IOh5 to 106'1. 
' Some missed counts werc crtirnatcd. Tllir footnote tnkcn from the tr>urcr rcpt>rl. Estimation rlcl;~ils nnt knrlwm 

I (:cwnls prior 10 7/11 thsIiln:liccl I'rorii 1903-1003 "Early" r t~n - l in l in~  lno(lcl. This year W:IS cxcltldctl I'roni tl ic cr~liiput:!tic~n ol'll~c. 
mcan run-liminp m~!rlcls. 
Reprlrtcd counts ;Ire obscrvcd t 8-hour counts cxpnndcd hy wcckly 24-hour counts. 

25 
- continued - 



Appendix Table 1. (Page 3 of 4). 

Timing I E:~rly 1 n 1 1  Ihrly t r y  I I Norm:tl Nor1ni11 1?1i-1y 

Date I>ay 1985g 1086g 1987:: 19882 19X9g 1990g 1991: 1992:: 1903~  1994~h  
17-lllll I 

In 
88 

1 00 
206 
4136 
530 
528 
55 8 

1,142 
2.716 
4.0411 
5,112 
5 >I4 8 
(r.975 
7.719 
8.7M 
'I. I25 
r1.407 

9.554 
9.652 

10.294 
1 fl.S(H) 
i w a f  
10,hn7 
10.'150 
11.512 
11,USh 
12.7114 
1.7.037 
13,325 
13.443 
I3.504 
13.778 
13.XR9 
17 957 

' IEcl)t~rtcrl cnunls arc oh~crvcrl I 8-!lour cr)urjls vup:indvd by wuckly 14-ltour cnrinls 
I' ('c~unl cut t f l o n  R/?IOJ rus Furmatting purposes 38 Inore cht~rn  salmon cout~~ccl 11irouph K/9/94 

26 
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Appendix Table 1. (Page 4 of 4). 

Rate Day 1945' 1996' I997 1'198 1990 
t7- lun I 



Appendix Table 2. Cumulative percent daily chum salmon run-timing at the Kwiniuk River tower, 
Norton Sound, 1965-1 999. 

Timlng 

Dalc 

17-Jun 
I R-Jun 

I '1-Jun 

20-J~II 

21 -Jun 

22-Jun 
23-Jun 

24-Sun 

25-ltln 

26-Jun 

27-Sun 

28-Jt~n 

28-Jun 

30-Jtin 

I -Jul 

2-Jul 
3-Jrll 

4-Jul 

5-JuI 

6-lul  

7 - lu l  

R-Jul 

0-Jul 

I b J u l  

I 1 -Jul 

12-lul 

13-Iu1 

14-3ul 

15-Jul 

I (1-Jul 

17-Jul 

18-Jul 

19-lul 

20-lul 

21-Jul 
72-Jul 

23 Jul 

24-Jul 

25-Jul 

26-Jul 

27-Jul 

38-Jul 

29-Jul 

70-lul 

3 1 -Jul 

1 -Aug 

?-hug 

3-Aug 

Nornlal 

Day 1965n 

I 0 01';8 

2 0 0 8  

3 0 or$' 
4 0 0% 

5 0 0 %  

6 I).OBs 

7 O.O%l 

8 0 0 %  

9 00s; 

10 0.0% 
I 1  00% 

12 0.741 

13 7 091 

14 7.8'51 

15 10.5% 

1 6  23 681 

17 ll,S%s 

I 8  30 4% 

l o  33 6% 
20 3(>U% 
21 38.0% 

22 40  9% 

23 42.1fh 
24 47.6% 

25 58.1%~ 

2h O R  5(X' 

27 71.5% 

2H H0.5'IIj  

2r) 97.5% 

30 98 0% 

31 08.7'8, 

32 98 9% 

33 100 OT, 

74 I no.na 
35 1UO.OT~ 

36 100 0 4  

37 1000$:' 

38 l n 0 n ~ "  

39 i r n v ,  
40 100 0'7rs 

41 10007n 

42 I n0 O1:+s 

43 1110 0%) 

44 1110 0% 

45 100 (I1>' 

46 100 09, 
17 I 0 0  OTs 

48 lOO.~l'x 

Normal 

1966 

I I 1)"; 

0 0% 

0. I F$ 

(3.2%, 
0 5 %  
1.59, 

2.3% 
3.2% 

I "X9 ,  

3.2% 
3.h8. 

5.14> 
5 3% 

6.6% 

1 I .ZVr 
23.08 

24.3% 
30.3% 
36.04, 

39.7% 
41 3% 

47 3% 

73 IT' 

52.7% 
58 9% 

77 0% 

82 0% 

83 , lV l  

86 2% 

85.4% 
XS S ' x  
90 37t 

96 1 q' 

06 OQJ 

'17 6% 

98 6% 

9c, 3!7' 
49 4% 

00 o?$, 
90 0% 

99 9% 
1 00,OUl 

I UO 0% 
I nn n.1;' 
I 00 (I1,>{' 

100 0% 
1 00 nvj 
I oo.nr& 

Normal 

1007 

0 01,:8 

0 0% 
0 OQl 

0 OQ' 

no% 
(E I)%# 

0 074 
0.w1 

0, I9 
0 3 8  

I wl 
1,2% 

5.5% 
R 1% 

10 3% 
11.4% 

! 3  1%) 

21.2% 

23.1 9, 

96. l r4~ 

44.1 'ih 

58.9%) 

h0.5%! 

80.78, 
$8.11, 

94.5 %, 

99.4% 

9r).441 

90 6% 
99.89> 

C)O.  I 7b 

100.0%. 

inn 0% 

lflO.O% 

loo 0% 

1nn.oa 
t 00 09 

100 0% 
lan.n%) 
10U 0% 
100.5% 

lon.eu 
1 OO.~I% 

I fln,n% 
lon.ofv 
100.0% 
10O.D"G. 

I nn nf: 

Late 

1 ')7 1 
0 0',4 

0.0% 
0.07, 

0.0% 

n.o% 
o.nT, 

II.O$, 

D.O% 

C).04, 

l1.1 To 

0.1% 

0.2';1. 

0.4% 
0.59> 

1.2% 
1.9% 

3.1% 
X.H% 

12.5% 

16 2'X 
17 1% 
27 9%. 

30 23: 
35 0% 

44 2%) 
48.9% 

50 670 

53,898 

54.5% 
57.3% 

70 548 

71.598 

80 27n 

HH 4Sr,# 

qo I vfn 

92 1% 

02 OB 

94 6% 

0fi,fiP+' 

~J8.57~ 

99.h7c 

00 or?l, 

1 [I0 n 5  
1 on 070 

I 00 098 

1 UO 0% 

1 00 091 

E oo nfx8 

' AIthr~ui:h ntl count\ a'ru m;~rlc From (711 0 .h117, c r w  notcr inrl~c:itf tl~:hl fcw ~nl rnrm I~:~FSCLI tltlrlnj! tlifs I I )~  

I' ('ounlr Ftrr 6f27-hlZR c\t~ni i i icd Trom thc 1 'IbS-t001 "Norm;il" nln t i m ~ n ~  urlrvr 'I'liis year wnp cxcfutlcd Frmn rhC 
computalion nS thc "Nnrmal" n i n - t i m t n ~  curve 28 i 
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Appendix Table 2. (Page 3 of 4). 

Day 
I 
2 

3 
J 

3 

6 
7 

8 

9 

1 0  

1 1  
12 

13 

14 

15 

16 

17 

t 8  
I9 

'0 
21 

22 
73 
24 
25 

26 
27 

28 

29 

30 
3 1 
32 
37 
34 

35 

36 
37 
3R 
50 

40 

31 

d ? 

43 
44 

4s 

46 

47 

48 

Early Normal Emly Early Early Lnte Normill Nurmal 

I9R6 1987 I(1XK 1989 l9Pn 1901 1902 1993 
O f  r ;  . O f  0 0,0%8 (l.Of,$, O.of'; Il,Of,?, 

0.0% 0.0% 0.1% 0.0$' 0.0% O.l)% [ ) .OF  n nrh 
o n.n7+1 : .  o.ns o m  o.nriI n.rm O,OTI 

0.248 0.091 5 . I r 3  00Q' O.O'il1 0.074, I 0.0'4, 

0.2% 0.070 5.1% 0.0% 1 %  0.0% KO($ O,O% 

1 .  n '  4.5% o.ngl n.slih 0.1 15, n.03 o,ov: 
. o.09, 4.7% o oq+, o 7'7" 0.2%) ~).os 0.09, 

4.6'3 0.0% 5.8% 0.0% 1.5% 0.lTj 0.0% n.OFf 

4 1 % 0 .  15.0% 0.0'X 2 0  0.3% 0,O1J 0,1%~ 
4.5% 1 . 4  21.7% 00% 3.8% 1.2% 0.0% 2.2% 
5,798 1.5% 25.04 0.0% 3 .  1.7%7 0,flV' 2.9% 

11.2% 4.6% tH.07) 0.Ilf& 4.0T' 4.5% 4 3.7?<'1, 
15.4% 10.9% 47.6% 0.0% 8.2% 6 6% 6 3.6% 
20.4% 1 1.5% 56,3% 16.2% l1').5% 9.7% 8.5'3, 8.1%) 

25.6'2, 16.84. h2.5%, 43.4% 28.0r%, 13.78 (1.78, 9.7$1 
1 .  17.6% 66.8% 446.8% 36.6% 18.3% 15.54, 14.646, 
3Tl.n'lh 25.491 0 3  4 42.6% 20.2T~ IX.1?\ 21).78, 
45.75. 4R.6'#: 09.6%' 55.34. 50.0% 19.9Ti1 29.5'1:j 24.4% 
52.1411 49.4%~ 71.3% 57.fl% 55.3% 23 .78  38.0% 223.S 
50.9%~ 5 1 .XQJ 74.354) 57.774, 62,4%1 ?q.4'1&, 43.874 20,491 
59.1% 56.6% 7 4 . 9  65.5% 65.4% 33.W 4 33,74; 
61.841 62.38 7R.3% 72.0% 67.48 34.44 51.5'8~ 35.6%8 
62.7g' 61.R'Jb~ 79.3% 75.6'7, (1K.574) 45.5'1) 0 ,  3(1.34, 
63.0% 69.7% 80.94, 76.4% 69.2% 47.2% 68.3% 47.8% 
611.4% 73.7%~ X3,0% 76.7% 73.8% 44.24. 71.5% 57.6% 
hR.B9, 70.8% X6.7V H!.D% 75.2% 50.8rK8 74.O';Gm 65.8% 
69.5% 7s.29) 87.6% 87.2% 75.14;. 53.3% 77.7% 75.1% 
73.4%) 9 %  9 . 7  89.4% 76.0'3 5.5.7?48 70.61) $O.Of#, 
X0.4% 88.657 rE1.Srk 2 I 78.5% SEX.% I 82.2% 
81.8% 89.1% Pn2.591 94.1'3, 885% 61.3% 84.14, X2.7Y. 
U3.4%, 9 5  0 05.4'%1 84.99, h5.511) 110.74. Xl.Of$. 
84.6% 96.2'Jm 92.9% 07.04 91.0% 67.58 89.5% 86.7%: 
9.641 96.8% 94.6% 97.7% 934% 69.6$~ 91.2$> 91,1'& 
2 97.29' I .  OR.0'3)  9 77.L)Tj ?I1,7?6, t)3,0?C, 
93.3% 97.5% 6 . 9  984% 06.3% 77.692 92.K% 94,7'#> 
05.58 99.7% 98.2% 08.6% 7 4  83.716> 95.3% 96.3'31 
07.3% t00.08 '19.274, OK.8'3) VK.77+1 K9.H'!$, 9h.2T8 07.5'4, 
99.2% ttOO.O% 90.7% 99.!% 949.5% 95.4% 97.1'7~ 98.01h 
~ ~ . R { , T J  t O1l.Ogt I rn).os) O'I.SQ) I n 0 . 0 ~  97.3(;6, OK.AB ~)K. ( I~x~ 

IRO.O%I I m a ,  1n) .oa {)y.oat I oo .m 9 9 . ~ ~ : ~  09 t (7, 9i~.3fx> 
1nn.w I 00.0% i o o . o ~ ~  loo.os1 loan% i 0n.m 90.7% loa.nq> 
I 0 0 . 0 ~ ~  I (~1.09) I 0 0 . 0 ~ ~  Ino.r)a. lon.orx 1 no.oq8 o f  I 00.~1'1b 
1 RI) orzl I 00.0%; I 1110.0~~ I o r on.oR i oo.o(f8 r oo.oa, loo.oa, 
I M ) . ~ T ~  i w i o 0 . m  ioo.of% loo.og, 100.041 lon.os, 1 Inn.nq> 

I on.o(;:~ I lH .oa ,  i oo.n1:18 I on.nl,v t o .  I oo.o(;r8 I o .  I m).of:{. 
I(Hk.fl'7n o 1 00.0T8 100.0%. 100.0% 1 00.0!x8 I nn.orh i no.ow 
3 00.0vn I nO.O%s 100.09, 101).0SI 100.09: I nfl.O(l,s I 1 fio.cl% 
I O f  1130.088 0 1 00.n1i;8 I 0O.O1% !OO.Ofl, I Ot l ,O1~ ,  I 00,01$> 

Early 

E 0')~" - 
ll or; 
n nR 
0 OPJ 

n 0% 

0.0%- 
n ov, 
O 2% 

n  ja 
I .7% 
3 2% 
3 ica 

7 441 

11 5% 

I6 4% 

27 3% 
92 4% 

30.5%) 

48 6'5 

49.0% 

5X.lVl 

59.0?41 
hn 891 

65 301 

69 6 6  
77 4'Xi 

79 2% 
81.8911 

n3 ()aj 
NX.XP4> 

92 18 
94 7% 

96  3'163 

97.1'5) 
07.3',$1 

97 5% 

9X.2%1 

98 2% 
9X 7% 

9H 3 9 ,  
9H (1f;L 

00 398 

00 79' 

00 X48 

99 9Vr 

100 O13' 

I00 or4> 

1110 (IT 

Ino.oq 
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Appendix Table 2. (Page 4 of 4). 

Tlrn~n: Early Early Normal Normal 1,alc 

Due Ddy 1905' 1006' 1007 1098 1999 
I 7  lun I O O'(t 1 1  l l fB ,  0 ()(I8 0 (X)(IV 0 O f ;  

1 8-Jun 2 0 0% o 09. n 0% 0% 0 0% 

lo-J un 3 n nvl n nfa oral 0 0% o na, 
20-Jon 4 no9 251h ! l m  0 OTJ 0 I)'$> 

21-Jun 5 08% 31'3 13% -0.1%) 0.09 1 

22-.I un 6 o f i  s . o ~ ,  2 ~ r k  o 291 n.na, 
73-Jun 7 7 I 1 1  3% 39(%1 0 8%) f).WX, 
24-Jun R 4 1% 2 6 9% I 1% 0 01, 
25-Jun 9 36% IOL)& ROC I 0% 0.0% 
26-Jun 10 7 b %  1149% 114% 1 2% 0 0% 
27-Jun 1 1  ') 2%' 21 2 8  12 4%) 1 2 7 n  0 I T  
28-lun I 2  16 7 4  30.9T, IS 1% 3 Or0 0 11% 
29-Jun 13 2 3 5 %  422% 171% 5 5% 0 1%- 
30-Jun 14 36.4%) 52 2% 21 2% 6.1% 0 ',PIIS 

1 - 4 ~ 1  15 42.8% 57 7% 27.26) I fi.3%, 0 IpJ, 

2-Jul Ih 42 48 58 8%) 30.4% 18.5% 11% 

3-Jul 17 44.3%) SO ST' 34.1% 22.84) 1 5%' 
4-Jul 18 46 4% 67 7% 43.3% '3 I .5% 5.4g 

5-Jul t9 58.0%) 71 7% Ih 9% 30 5 8  10.657 

6-lu1 20 65 41 78 2 8  51.4% 4b 6T 16 

7-Ju~ 21 68.64, 8.1 5% 56 8% 52 8% 18.9% 

8-Jul 22 71 2% R7.1'3) 63 0% 55 7% 20.4% 

0-Jul 23 73 . I% RX.r)Q 04 09 57 4Vl SO 2% 
10-Jul 24 771% 901% 655% 59 3% 45.4% 
1 I-Jul 25 X 2  4% 91.7% 06 1'3 66 191 59 2 4  
12-Jut 20 8.5 'IS 02 0% h6 2% 75 2% 67 5% 
17-Jul 27 00 6% 9Bj.59) 70 5% 79 7% 70 241 
t4-Jul 28 91 OSI, 9 73.7a 79.7f8j 73 6%~ 
IS-Ju! 20 94.5% 9 1 75 8% H 1.974. 76 5% 
16-JuI 30 95 2% 005 2% 77.2% H9 8% 78 0% 
17-Jrh 71 95 5' I I  96 74, H7 O W  1)4 6% XO 7 % ~  
18-Jul 32 96 1% 96 5'3 KG 7% 95.4'71. 83 I % 

19-Ju1 33 96 9% 07 3% 91 1% Cr(l.hB7 Rh 7% 
20-Jtll 34 97.74, OH 2'Xs W . O r J )  07  7T 01 6'4 
21-Jul 75 OR 4% 98 5% 05 8 8  98.79  92 3% 
22-Jul 3b OR 9% 90 18 O6.8% 9c) 5'J 92 8% 

27-Ju3 17 99 2% 09 t l B ~  OH 4% 99 7'X ')3 4' i '  
24-Ju~ 3X 99.7% 99 9% 99 7% 90 8 9  93.7% 
~ S - . I U I  ?A ,no Inn nc& 9r) 8'7 ol) HQ ~ ) 7  5 ~ )  

26-Jul 40 100.0% I00 0% 90 H'% 99 9(? '10.2G) 

17-Ju! 41 1000% 1000% 1000% lOO O f  99 R% 

~ R - J U I  42 100 oPd 100 ~4~ loo 004 1onv I nn.nw 
29-Jul 43 100.07;) 1 00 0%) I Inn 0.J I W 0% I 00 [l'k 

~O-JIII 1 0 0 . 0 ~ >  loon% rnnoa 1 (xi 0% l oo  OT 

I I-JUI 45 ~no.o~:, 100 nir,  no 0';: iwoa I no nfa 
I -ALL: 46 100 0% 100 U% IN) OG 1UO 0% 100 OT 
~ - A I I C  17 100 irlo n% INI or$ I 0 orz I no 0.4 

7-Aus 48 100 04 1 I)0.Of4> 100 Ofhs 100 (!Us 100 09 



Appendix Table 3. Kwinluk River counting tower chum salmon run-trmlng models, percent passage by day, 
Norton Sound, 1965-1 999. 

The run-liming expreswl in numbers of chum renecm the lower passage goal of 19.500 chum salmon established In 1992 

,111 Yc:lrs ILutl? M d c l "  Nnnnnl 3 1 d d  1;lle Mtdcl' 

!)ale Day Pffcrnt Numher Percn~t Number Pcrccnt Nu~nber Perct111 Nufihcr 1998 1 999 
17-Jun 1 4),fIo3 (1 I1,Il'; 0 0 Of; II [I [Ir: 11  I),()': 0 0': 
IX.JIIII 2 O,Ot'; I 0,II'; 1 0 11'; [ I  t i  nri 11 [),(I4+ O.llr,i 
18 Jutn 3 0 1'1 1 R  0 .!': 30 0.IrC I ? [I 1):; I 1  0,Wi O.?'? 
20-Jun) 4 a14 MI 0 7 9  132 11.17 19 ll 11 OM 0.2'J 
?!-Jim 5 0.5g ~ n i  I ,2q 22 R n.irr 27 n.rri n -O,IO: o.(tz 
I ( ,  ~I .N~T I (,I I .Y',T 115 (I .if$ 70 O,I)~I o ? i  I,,$,+ 
23-Jun 7 1 .Sf,+ ?(IF 2W 552 Wpr,i t ?h U,WG 5 n Kt; 2 7:: 
21-Jut1 S 2.19 J21 4.3',6 %l7 1.09 192 D M  ? 1.1T 3 2% 
25-Jan 3.35 hS I 6!jf; 1.350 ?.Ir: 110 0, I ': ln  1 0': Wri 
?(I-J~III l n  4.Tr; '>:[I *l,sfG 1.XCJ 3 4'i I*IX 0,2'! 1 1.1'1 14,4<: 
27-Jm1 1 1 5.8!< 1.1 III t l.8': 2.301 3 '1'4 774 U.3Q 54 1-25 1 [I 75  
ZR-lun 12 7.976 1.549 15.85 3.079 5.2G 1 ,OD9 0 91 183 3 ,or: 23 Sik 
20-lun 13 1 1.119. 2.147 ? I . > ' $ ,  i. 137 7 3'; 1,d3 1 I .hq 313 5.5' ;  L7.*)'.8 
I I?  IS d r 4  ?.wn ?R u r i  5.625 0 , ~ ;  I ,n5u A,]'; 704 h 1'3 t: oat 

I-JUI 15 2n.w. J.MC 37 of;l 7.212 13.8~: 2.6015 5.2'2 I .0?.2 1 6 . 3 ~  30 zt,i 
2.1~1 16 24-39 4.72P 41 6g 8.1 15 18.2'1 3.54 1 6.3- 1.223 lR.Sr> 44.6% 
3-1111 17 27 7,; 5.395 46.19 1.995 20.7'3 4.044 7.3 '7 1.211 22 8'; 68.3'3 
4.111 I A  13.w. (1,545 s I ,WT in . t lo  28.0'1 5.hW r).t f~ I . ~ ! h  1 1 . 5 ~  s I . I f,4 
5-lul 1'1 18 I*';, 7.51') 5 h h'4 11,033 34.SrJ 6.7 1 ') I4,Jf; 2.8W 3s 51 5A 2'; 
t l u l  10 43.7<k 853  t 61.4% 11,967 39.5': 7.701 lP.SrA 3.801 46 lr'k 55.4% 
7-lul 21 47,1rCJ 0,748 65.1% 12.607 35.6': R.897 ZI.RrLr 1.241 5?.RV4 56 2!Z 
8-3ul ?Z 53.67 10,441) 70.0'4 I ,IJA I 53, If,$ 111.35Q 21v.U1*L 5.?5tl 55.7'3 F7.?*'4 
0-lul 21 57.h'T 11.23.1 7 2  9'; 14.224 59.0'2 11.511 28.4'; 5.342 57 17 57,Qi#> 

10-Jul 24 61.64 12.0111 75.8% 14.723 63.37: 12.335 34 3 5  6.691 59.3'& 61 5%. 
I I-Jul ?F (dl I '3 12.882 79.47 15.4R3 68,Sr: 13,349 38 9 9  7.5913 M.lC4 M 7'3 
I?-Jul 20  7t!.Hr? 13.XIJ B2.n' I. 15.1)NS 75.4(; 14,7133 42,1)',& R.37! 75.?',: 07.4'3 
13-Jul 27 74.4'7 11.510 S4.l': 16.3'13 70 9'i 15.5XX 18 Of$ ' I , J h L  7'1.7:: 71 1'3 
14-Jul 28 37.5'5 15.107 85.9''~ 16.752 82.4% 16.WX 53.9': 10501 7P.7'? SB.B?r 
IS-Jul 29 XI.29 15.842 89,ST 17.451 x li n?- 16.7M 57.17 l l>13f i  Xl,O5 91-51 
I ~ - J ~ I I  11) ~ 3 . 5 ~ 1  I fi.4lru e l , t a  17.755 87 R:$ I~.II(I h~ 5'1 1?.7XO X O , ~ ;  OZ.(I~? 
17-Sul 31  XX IF;. 17.151 0'3 4'P IR,OI t '10.Jf4 17.629 74.7'; 14.5111 '14.fiG 0S.t)'; 
18 l u l  32 SQ,8% 17-510 93 .74  18.281 S?.SP 1S.W3 7h.dG 1 4 . W  95 4'9 96.4'4 
I'l-Jul 33 92 4c& 18.013 95.2': IR.!iha 95.0r? IR.53 1 R I  4'3 Ih.07?: 0b.6',% 46 9'; 
3 . 1 ~ 1  34 '14.21 18,17ir Wl Jt,+ 18.7811 {)0.4',3 11.771 Kh.SC1 I(r.Af15 V7,7't  07.1*4 
21-l~rl 35 V4.7:i I X.(~bl W1.0'4 I X . W >  03.2'i 18.962 Pn.5'~ 17.IdF VX.?i 97.1iiA 
22.1~1 36 '17.0rg 18.!)?4 V7.8'3 19.076 68 31,; 19.165 '13 SP 18.223 99.7'? 98 67 
23-lul 37 9R,I% 19.121 PR.6'7 19.226 08.PCk 19.?XO 95.50 18.621 W.7l  00.93 
L~-JNI ~I I  ~X.O,: IS.ZO? w s f ;  te.yra ~ [ I , V ;  10,1(d? ~7.2 ' :  IX,OOI QP 8'; 9 0 9 , ;  
?-JUI 39 w.>',; 10.373 04),714 10.4.1~ 99 i,,~ I n.v?  OR. 1 7  10,133 9 I ;  1 I X ~  0'7 
26-Jul 40 94.7% 10.&43 P9.R1A 19,467 911.8% 19.47 1 9'3.3% 19.355 Y 1 rn.OfX 
27-Jul 41 0%95 19.470 99.9T 19,489 I m.n.; 19.493 '19.7'1 19.44 1 I W 0'5 1 IKI.0': 
?K-JIII ,I?. 01) or,? lt).4wh IOO,WI I o,dvfi !rwj.nFr 19.six) oq,nf~ 11r.4711 IIXI.WI 1(10 or? 
?')-J~II ,13 IMI [)ti, 1 4).4'?o ~cw).n~: 1 t ) , 4 ~ - i  I IKI .~ ' ?  t e . 5 ~  09,qf;i 1 0 . 4 8 ~  IOO.U',: I(XI II'A 
30-Jul 44 IOO.U'C 19,497 1M.05 19.499 100.OrC 19.SMI l W . M  19.49 1 IWtl',: lW.Of$ 
31-IU~ 45 1 0 0 ~ ~ .  lr),fim 1w.07 I ~ > 5 r n  im n'r I q . 5 ~  IMW I 9.sfn) 100.u"f l t x ) ( r i  

I-Airp 4h I(X1.W ~[I,SIKI 11)0.0s IO.SIXI I(K).119 1Q.SMl IIX).(Vf I (i,YKl IlXl.i1': Iilf!,Of$ 
2-A~tr! 47 IIXl.O1i I~),SIXl IIX),~': 19..Fllo IM).[)'f 19.5(H) l lm,~,~Y~ 10.5fK) 1I11)11': IO(l.wI 
3 Aup 48 llN>,G-7 111,500 llXl.05 19.500 I M W ?  l'>.SCHJ I W M -  1 ').SOW 1 W . 0 l  1000'4 

' I~ICIII~I~T IWIU. 1074 ton:. illnd, f ~ n f i .  IWR, 11)~9, low 19)i. IW)~ .I~I(I IWO 

Ir)cludcs 1%5. IP(rb. 101~7. lfl(r'l, lC)7!. 1077, 1980. IOR1. 19113. 1092, tW1. 1'197  id 1998 

11~cIudcs 1P71. 1977 1075. IWh. 1970. 1985. and 1W1 





Appendix Table 4. (Rage 2 of 4). 

D.~le 
17-l1rli 
18-Jun 
Ill-Jun 
20-Sun 
2 1 ..Tun 
27-Jun 
23-11m 
24-Jun 
23-Jun 
26-Jun 
27-Jim 
?R-Jr~n 
Il)-lun 
70-Jun 

1-Jul 
2-Jul 
3-Jul 
4-Jul 
5-1111 
6-Jul 
7-lul 
8-ilul 
0-Jul 

10-Jul 
1 1-Jul 
12-lu1 
13-Jul 
lCJul 
15-Jul 
16-Jul 
17-Jul 
18-Jul 
l%Jul 
20-Jul 
It -hi 
21-101 
23-Jul 
24-Jul 
15-Jul 
26- lul 
27-lul 
28-Jul 
?ll-Jul 
30.Jul 
31-Jnl 
1-Aug 
2-Rttg 

1089 

Rrcclll 
Daily C~r~nulalivc 

0.0"4 
tl,lJ'%m 

(I.o4:;, 
o.oe 
0.111, 
n.oc,m48 
0.0% 
0.0r4, 
1),t)'i, 
n.oi,x 

-7 O.Ur& 
O 
I )  n.o:;, 

63 U.2% 
242 I . l % ,  
226 I :)':it 
458 3 6% 
h82 fi !% 
HD 0,4%, 
70 0.6'%, 

7'34 9 5 %  
2.574 1 R.93) 
1.557 24.5'tl 

539 20.5i;L 
174 27.1 % 
926 30.5Qt 

1.310 35.4':4, 
o 3 n . 9 ~ .  

1.394 44.04 
1.570 40,7%, 
1.757 50.1% 
2.132 63.8% 

7hn 66.hrC. 
471 (18,3'%, 

1.270 72.9% 
t ,?N, 77.5% 
I H1,7% 
1,763 88.1 "4, 
1.430 93.3%, 
1.134 97.4'X 

700 11Hl.04. 
100.0",, 
lOO.O'?P 
IIIo.nLX 
I on.na8 
I OO.OLYr 
IM).O?4, 

Daily Culnulallvc 
11.04, 
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Annual turala have been c;rlctrloted using fractions which may cause mirmr di~crepbncies with historic data. 

" rntlnl cut oll'nn X/f/04 h r  rorni:!ltinp ptrrpoccq. 78 mow chum s:rln~r~n counlctl Lhrtl~rpll RlOln4 

- continued - 
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TOCI I fin7 

Annual Inl:tlq Ii:bvc hccn c;~Ic~rl;~ted using fnclinns which may c:~ktsc mitlor di.wrcp:lllcic~ with hislOric dihti~ 

noes not iwlutlc Ihr ckrnrnl yc;rr 

100Q 

t'rrl.cn r 
D:rrr U:bily Cun~ulot~br 

17-Jun l1.07'r 
18-.ILIII n . o ~ ~  
10-Jnn O.OT 
2WJun U OW 
21-J11n 0.0T 
2?-JI I~ ll,O';C 
23-~un n.no 
24-Jun 0 . 0 4 ~  
25-J~in n o.09 
7(~-J1in fl ll.OIY 
27-Jon 0 0 0 %  
28-Jon 0 0.0q. 
?'l-Jlln t I  0,0:4 
70-JIM 0 U.O'% 

I-Jul 0 0.0V~ 
?-Jot 0 0 0% 
3-JuE t I  fl,OiX 
4Ju1 0 11.08 
IJU~ II 0.0% 

&lu l  0 0.05 
7-Jul II n . 0 ~ 4  
8-Jul 0 U.OT- 
9-Jul 0 0.0% 

10-Jul 24 4.09 
1 I-Jul 12 fi!)P'r 

I L J u l  12 7.98 
13-Ju! 12 9.0% 
ICJu! 101 ?h.7%8 
15-3111 18 29.79, 
16lul  0 29.7% 
17-Jul 25 33.848 
I R - J ~ I  ?n ?~.7f:.i, 
19-Jul 37 44.8% 
2GJul 44 52.1%, 
21-1111 I ?  .54.0"1, 
22-lul 1 54.45, 
13-Jul 14 56.7% 
24-lul 14 59.05, 
?S-JUI 113 7 7 . 6 ' ~ ~  
26-Ju1 (>? 87.8'4, 
27-ful 12 89.8% 
2s-JuI 62 100.0'3, 
3-Ju I  1011..t1'&~~ 
70-JUI 1110 0%. 
31-Jul 1 OO.arlrm 
I -AUR ~ n n , a r ,  
2-hug 100.0% 

- 
3-Auz 

- -  
llS0,0~70 

Even Yc;w Odd Yc:rr 

~ u e r ; ~ c  ,S ~ ' u n ~ u l n t i v r ~ n u ~ r a ~ c  ~ ' ~ ~ ~ ~ i u l r n i v c ~  
O.t17;, tI.O?. 
o.op+, 0 n't, 
0.0f:4, l l .Of,k 
0 . V 5  0.0% 
0.OX O.O'X, 
o.oa, O.flam 
0.0511 0,~1~$, 
0.0% 0.070 
0.2% O,t 1 9  
0.5fJ8 0.1 74, 
0.9% 0.1% 
l.lT8 O . l q ,  
1 .SfIIs 0.171, 
23':Y 0.2t?, 
4.U% 04Skt 

b.X% 0.6% 
10.6?+8 1 ,O04( 
I d.6SFs 1.51im 
18.9% 1.9% 
13.54, 2 61 ,  
29.UfX8 4,1i&, 
34.1% 5.9% 
39.1% 7.8"1, 
42,fit:4, q,7%, 

49.??i 1 1.39  
56 OTn 13,b?k 
5'1.84, 17.04. 
61,W 11.5Fb 
69 .G%, 25.0% 
74 1% 3O.dR 
711.5'3, 30.l'X 
x 2 . 0 ~ ~  43:)'~~ 
85.2% 50.3 % 
X7.Q% 56.1(% 
cm.4'~, h3.7'%8 

43.8% 70.9'4, 
95.0r& 8O.O% 
97.4'II8 86.6% 
e x . w  q:.zqm 
99.1 (4, Ob.4qt 
99.6% 98.5% 
09.94, 99.K"L 
*)()j)fjf ')0,9f%8 

IOO.O~:~ 99.gq8 
100 O'iis 1M)0% 
1 M),I)~$ I no.tlg, 
1 I H I . 0 5 ,  I [HI Of'& 
I OO.DL% LUO.O% 



Appendix Table 5. Expanded daily and percent cumulativ~ king salmon migration past the Kwiniuk River counting 
tower, Norton Sound, 1981 -1 999, 

I ~ U I  IW: IOX? 1084 I O R ~  1tr86 
l'crccnt Perccrlt I'crccnt E'CWCIII I'crcrnl I * t h ~ c n l  

Ih te  1):iily C~rn~ulativc Daily Cumulfive nally Cumularivc ~ ~ i l ~  Cumuhri\,r. l):lily Cumulari\~e naily ('urnul;i~ivc 

17-luri II 0% I!,()',':, O.l)"i, O,Ot':, 0.07, fl,[li'4, 
18-51111 0.11% 11.11':L O.O1'C, t l ,~ l< ' i ,  ll.I1'Ym 0.O1+ 

19-Jun 0 O.O[$, 0.05 0 r].O1%, 0 O.tI[:, t).O':F 0 0.0'3 
~ n - ~ r ~ i i  0 O,O% 0.07:. 0 0.0% O 0.im LI.Och n 11,Oi;, 

?I- lur~ 0 O.D'X. lj,Oitm 0 O.OL;F 0 0.07. 0,11%, 0 11.1):1, 
22-Jun 0 O.O'%, l).olxm 0 0.0%. 0 0.I1Pdm O.Ilf~s 2 o,jfxm 
23-Jun 0 n . 0 ~ ~  0.0% 9 1.9% 1 o.l[Z8 0.08 4 0 V X  
za-jujl 2 I .sP& 0.0~4. 13 6.7 lx8 o 0 . 1 ~ ~  Q . ~ B  11 n qmp 
zs.11111 I 2 IO,YX 7 s ,  I~'+, 4 N.:IJ, II 11. ~ q ,  o,oa, 11 R Y ~ .  
? N u n  2 11.8% (I 9.4~:;~ x 1 1.2% 3 O.Sf) l~ 0 R.O',V, 0 n.sf:4, 
27-Iun 0 II.RX, 4 12.35% 3 12.4% 1 .OC, 0 0.0%~ 0 0.94, 
28-Jun f l4,O15~ d 15.21.  t l r  18.4';1, 1 1,I'Z 0 <I,O',t II 0 , w  

29-Jun h I R . J ' I ,  -I Id.Sr:4, ! 1 X.7% (r I ,o'T, 0 I!.')Q, 4 I 5 %  
30-Jun 6 22.8% 5 18.1r4, I ?  21.21, 21 4.83, 0 a.sfxm I 1  ?.2f:+8 

I - lu l  2 24.31, 0 IX.15h b1 4G. 13, 11 h.4'4, 1 1 -0% 2 h 7.?% 
2-Jul d ?1.?98 7 1 3 . 2 5  f 57..'fK8 26 I):}#& l,37? 1 ? O,OV, 
?-J111 1Q 41.2(Xm 4 26.13, I 9  54.3'5 OII ?? 1 PC, 0 I ,3'X, 56 17.rri& 
&Jul 15 52 2% 13 15.5'74~ 11 58 4 8  27 15.8% 0 1.3% 92 31.7')1 
5-Jktl 1 52.W" 10 4?.Rr4# 2.5 67.8% 4 2h.J%8 0 1 178 51.3'%, 
6-Jsl ' 58.64, 3 4d.q1:4, 10 73.RVi ?h 2V.(lq# 2 I .SF& 40 S7,3'4t 
?-Jut d 62.5% 8 30.7% 7 76.4% -11 27.0%. 19 3.4%. 41 62.h'L 
8-1111 8 68.4% '78 71 .Ocs 17 82.8% 13 ZXRW -2 ?.2?& I ?  6S,JV4, 
9-Jul 16 X0.1741 R 76.$'!4 3 8d,fi% 11 30.4% -2 3.Drrkz 10 h7.[)#, 

10-Jrll 7 X3.XYr II fO.HV, 3 8.5.84Xm 130 4(1.3fK8 (1 3.0f3t 5 (17.7f48 
11-Jul 2 85.3% 1 77.5'A 1 86.16 217 78.8's 0 f .O% 37 73.49, 
12-Jul d E8.2%, 5 8 1 2 %  1 86.57C1 67 X7 9% 7 3.8% G 71.3% 
13.~111 o nx.?a8 s ~ 1 . 8 ~ ~ ~  I 8 h . w  m on,wi?,, 29 (I.?,~, 2 74.69, 
l a-1111 4 91.2'7, 3 R7.II'IF 2 X 7 . W  27 04,3':48 h4 13.576, I I 77.K%, 
15-Jut 2 92.6% 2 88.4511 2 88.4% 9 95.5% 13 14.w 40 113.9'B* 
16Jul 1 4 91.3V. 1 RR.fi7h 17 01.8%# 59 21.0% 48 '?1.7% 
17-JIII n n.aw,  n ~ 1 . 3 ~ ; .  8 9 1 . ~ ~ 3 ,  5 9 ~ 1 . ~ ~ 7 ~  1111 3 1.6% 1 01,orh 
18-Jul I 94.1',88 1 92.81, 0 91.R% 11 98 5 %  7(1 19.0ilG. I? 1)7,4p&, 
l%h~l 1 94.W 4 92.7% 11 95.98 I 98.63, 85 47.9% 12 '15.3'lh 
20-3111 I '15.6% 3 'Y7.88~ 3 07,074 2 9 198 68.fi1% I 2  Ol.I?$* 
2 I-JUI n n~.afx, o '17.~9. .t V R . S * ~ ,  2 c ~ o , : f ~ ,  $7 7 7 , 7 < ~ ,  I I 9x.x1fim 

31-Jul 0 95.6% 0 '19.88 I 98.'3%, 2 9 9 . 5 9  23 80.1% 3 '19.14, 
13-Jlll 1 06.3% 0 97,RPII. 0 98.8% I Or).6?5, 12 81.48 h l(X1.04F 
24-1111 fl V!r.??L I 9)R.IIf>:, I! 98.01 2 9 l h l  9H.2'lGm -7  09,7a. 
25-JtrE 0 4)(>.3% I 99.3'88 O VR!)P/CP/C 1 1 l>t),tlf;$m 11 90.dr,tt ? I l ~ l ~ , l ~ T ~ ~  
?(FIIII ? 97.8% 1 100.0%~ 1 99.6"h 0 100.0%~ T 100.1r4m 0 lC4).ttfY, 
27-1\11 O 87.8% 0 1(10.0% I EI)O,flT8 0 100.0% -2 99.9% 0 I(H).OSI, 
?X-Jlrl 0 <)7,8% O lOI1.0'16, O IM).OSC. fl IOf l  or!, 1 10~l,<llTt 0 100.01 
29-JuI 0 97.84, 0 100.1)P4~ 0 10I1.0Plh U lnU.O"!, 0 I 1jO.OTS, 0 I [I0 
30-Jol 1 9R.5"18 0 lRO.O% 0 100.1)% 0 1IH1.D?4, I) 1UO.0% 0 100.098 
3 I-JUI 2 I L ~ R . O ~ ~  n I 1 ~ 1 . o ~ : ~  0 koo.0~4, o l(w).o?; 0 1 ~ 1 . 0 %  o IIMI.OV, 
I -Aug 0 IIMl.I)$m 0 1(H),O1::, I1 lIH).0"4 13 lOIl,W:!, 0 IOO.O'#, 11 11111.0'1 
?-hug 0 100.OPh 0 1011 O<X, 0 100.0SC* 0 1111!.0')3, 11 bOO.O%~ 0 lllCI,O'7, 
3 - n ~ ~  0 100.04 0 111~.0% 0 100.0% 0 IOO.0‘5 0 I ~ . O %  0 lI~O.D%, 

 OIL^ I>(> 138 2(17 77 A 1)55 (1% 

Annu;rl tor;tIa have k e n  calcul;~tcd using hstions wl~tcli may alusc minor djscrcpancits wjth hrstoric data. 
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I);IIC &Iy 1:umulative D:liky t'unlulatire najly Uumulolive r ) ~ l v  ('urnillolive ~~~l~ Ur~rnukltlve ~ ~ i l ~  Cujllulntive 

17-lun l1,Ov48 11.0'~. I!,l>';>, (l.OiC ( I  [)?. 0 Of':, 
l$.,lllll 11 II'b 41 o,l>f:+, II I!";, cl,llT:;, 0 ll,lI(;>, 11.0'3, 

I'I-l~rn D.o!'$. 1 0,3',58 0.Or;im 0.0?$, 2 0.3"A. U.I)',? 
I&Jun 0.0% ? 0 .9%~ 0.Oq, O.Oq, 4 R.8%, 0 . 0 ~ ~  
!I-Jlln ona, D n.sr4, 0 . 0 ~  n o.orh n 0.H748 0.0? 
22-JUII 0 Of;;, -* I).?"& U.OFC 0 O.Of;h b 1.748 lI.O'& 1 

13-lun 0.0% 0 D.?% 0.OT. 0 11.0q. 7 2.0% 0 , W  
74-J!m 0.04, 0 0.3qm 0 0'5, 3 fl?%, I 2 14, 0.0% 
3.5-lun 0 ll,(liYm 4) 0.3i:+8 0Slq,Ut f i  I ,Il'%, 2 2.4',1, o.llfx8 
lfi-lun 0 O.[l'?E 3 1.2[$, o.~?~ 7 1 .Hs, 4 l.tla, 0 . 1 ~ 3 ~  

2741m I) 0.04 5 2.8% O 0.0r4, 0 1.82, 10 4.4'3, 0.0V, 
18-IIIO 9 0.6%. n 1.~~1;~ I) fi.ol,r, 7 I.I)LK, 16 (r.fi18 o.05~ 
2'l-lun 3 1 .fir%, I (r 7.XL:4. 2 l1.8C4. I S  3.73, 55 14.44: I 1  0 O'iCr 
7bJun 0 1.6'1, 19 13.48 10 4.8% 138 19.0% GH 24.074 t1 0.0% 

1 -Jul 2 2.2% 24 20.9% I 2  9.74, ldh  ?5.3% 82 35.6% 4 O.Il%, 
2-1111 0 ?.77i, !? 17 .74  15 1 5 . 7 1 ~  154 5 2 . 3 1  75 4(3,2% -2  11.dd16, 
3-Ju1 0 ?,?% 20 34.07rm 28 27.0!u,m Sfi SH bQ, 71 56,2'X, 5 1.597 
3-Jul b 4.1 5, 0 34.0% 14 32.7% 65 65.8% X 3.1'7 0 56.27Cj 
5-Jul 18 lD,I*& 14 38.3'58 18 39.974 138 81,lgm id 58.2% 14 6.1'6, 
6-lu1 27 IK.hP/C, 6 40.2':4, ! 6(3,788 42 8S.W');~ 31 (12.7'98 21 I 0.49 
7-1111 43 32 2% -2 311.0% 22 4v.69; 40 ~ 0 . 2 ~ ~ ~  21 65.7f%8 n 1o.4o 
R-lul 23 39.1% -3 38.G% 42 hb. j% ? I  SZ.63  9 64.9% 18 14.7% 
9-Jul ?f 46.7% H 41.t?;~ 23 75.X'%- ?. ' I1 .RW.  51 74.6% 5.5 25,717 

I l l - J~ l l  0 40,7'4, 2H 4').8SC 4 7 7 . 3 4  -2 9?.<r1X. MI XO.!l'h 1 h 21),0% 
I IJu l  0 46.7*, dX h4.8B 3 7 8 . 2 5  0 02,6% 36 X5.3'X. Id 3l.Vr]c, 
12-Jul 7 4R.W 29 73 8% 6 80.66. h 93.34  0 R S 3 S  27 R7.h% 

13-1111 I I 52.4s, -3 72,')s IO R4.?i*, -4 P 2 . 8 1 ,  4 85.9'?~ 41 d(r.lQ, 
14-Jul 20 5X.7'5t 11 ?G>)?4* 14 '10.3%, 2 03.0% 14 R4,')G 0 d(>,li$s 
15-lul 46 73.2% 4 78.2% 15 B2.71Zm 7 93.8% 24 81.2% I t  18.48 
16Jul 4 74.4% 3 78.R% 5 ' I f $ %  12 'l5.176 17 93.hqm 72, 55.1'X 
17-Jul 4 75.75, 0 1#.$"4 3 Qh.O'X8 17 07.0'58 28 T , ( j f f i ,  37 fi2.U%, 
18-Jul ?b 83 0% 3 79.HVl 4 07.6'3f8 I 5  llX.78~ 11 99.2':C~ 37 70.61, 
19-lul 29 93.1% 4 81.048 2 98.dch 4 99.lTm -4 98.66 l d  75.6% 
ZWJul 6 r)5.0q, 4 I12.2Sh 0 Q8,dC:. Ir Crr)RSh 2 9X.Ob 10 77.7F 
31-Jtrl 0 O(,,N'X, 0 X2.24, 0 eK.4p:. 0 OO.RC (1 98.94, 211 R1.RIX 
22-JuI 8 99.d% 14 86.6% 0 OX 4'X 1 99.99 -2  98.697 1f> rH.4'$, 
23-Jul 2 100.01 14 BIOSC. 0 W4"A I lM.OSh 6 99.4% 9 93.3% 
?bJlrl 0 IlH1.04. I 4  [)S,38 0 Q8,d'h -2 t)9,fl1X, 0 Pq,4"G, 1.5 Ofi,S'X, 
35-Jul IE tOfl.0'8. 1 OS,h?$, O 1R.4!'<, 2 l 00.0%~ II [>V,d%, O WI,S~$, 
2GJul a IOU.O% 14 100.0% 2 g9.29, 0 100 U'% 4 1rn.Oo% 5 97.5% 
Z ~ - J U I  o I on.tlrr+ 11 too.o%, 1 1 m . o ‘ ~  a ~oo.o%, I) IOO.OQ, 0 9 . 4 ~ ~ ~  
2 x 4 ~ 1  o 1 1 j 0 . n ~ ~ ~  o i ~ j o , n ~ ~ ~  n ~rn.n"d, I )  lllO,flfxm R IOI) ,~I~~~~ 3 la) .oa8 
20-Jul 0 100.0')1 0 1UO.0'7, 0 1 0().07$1 U I U0.Of,'I8 0 I (10.0'3, I1 I IAI.OL;t, 
30-JUI 0 100.08, o 100.0%~ o IW.O% 0 ~OO.OT> 0 100.04, o 100.0% 
3 I ~ t 1 1  41 IM.o~/;~ I) 1 ( m . 0 ~ ~  n lno.oa (I 1 ~ 0 . 0 %  13 1130.o5, o l ( w 1 . o ~  
I -Auj: 0 I (KL.OV48 1I I (W).OL)i. 0 l l3tl, l l~$~ 1) 1041.04, 0 100.0"i O IOItO'Y, 
Z- A~IE n 1w .0~~  o 1011.o'x n lao.0~4, 11 IOO.O'% u I(HI.(V~C, o l oo  1174 
3-A~IS o I(KI.O% o ~ n n . o ~  o 100.0~, o 100 OG, o I ~ W ~ O %  o innnq, 

I'Is!:II 317 T I  2JX Oll11 7113 .Ii'l 

Annu;~l tnt?ls have k e n  calculated using rraclions which may cause minor discrepmcie~ will1 historic d;~t;~. 
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hnnu:ll tnl:~ls Ir:lvc Iwcn cillcllli~t~d tisii~fi rr:hctin!ls wll icl~ m:y C:IUW tninnr r1iscrcp;lncies with historic data 

Count cut of f  rlr! XnM4 haiorrn;~~tinp purposes 3R more cllurn s:hlmon co!~~itrrlflimu,ch I V W U  

- continued - 





Appendix Table 6 Reported houdy chum salmon obser~ations at the Kw~n~uk R~ver  countlng lower. Norlon Swnd.  1999 



ApponrllxTahlo 7 Roporlnrl hourly pnk cnlmon nh?owatlonq al thn Kw~n~uk R~vor cnuntlnq luwor. NOROn Sound, 1999 
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Appondir Tahln R Ropnrtnd hourly klnq snlmdn nhcorvatinno at tho Kwiniuk River cwnling lower. Notloo Smnrl, 1993 




